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Abstract 

Cigarette mainstream smoke from blended cigarettes with and without the addition of ingredients was assayed for its cytotoxicity 
and genotoxicity. In total, 333 ingredients commonly used in cigarette manufacturing were assigned to three different groups. Each 
group of ingredients was added at a low and a high level to the Lest cigareltes. The mutagenicity of the particulate phase of the 
resulting cigarette smoke was assayed in the Salmonella plate incorporation (Ames) assay with tester strains TA98. TA100, TA102, 
TA1535 and TA1537. The cytotoxicity of the gas/vapor phase and the particulate phase was determined in the neutral red uptake 
assay with mouse embryo BALB/c 3T3 cells. Within the sensitivity and specificity of the lest systems, the in vitro mutagenicity and 
cytotoxicity of the cigarette smoke were not increased by the addition of the ingredients. © 2001 Elsevier Science Ltd. All rights 
reserved. 
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1. Introduction 

Blended cigarettes are made by mixing various types 
ofleaf tobacco (bright, Burley and oriental) and recon¬ 
stituted tobacco sheet. During further processing, 
ingredients are added to modify the base flavor of the 
smoke or to aid in further processing, These ingredients 


Abbreviations: 2-AA, 2-aminoanthracenc; 2-AF, 2-aminofluorene; 
CHP, cumene hydroperoxide; DMSO, dimethyl sulfoxide; ECso. effec¬ 
tive concentration eliciting a 50% response; FDA, Food and Drug 
Administration; FBS. fetal bovine serum; GRAS, generally recognized 
as safe; GVP, water-soluble portion of the gas/vapor phase; ICR-i91, 
2-methoxy-6-chloro-9-(3-(2-ohloroethyl)aminopropylamino)acridine; 
ISO, International Organization for Standardization; OECD, Organis¬ 
ation for Economic Cooperation and Development; MMS, methyl 
methanesulfonate; MSC, mainstream smoke condensate; NNN, A r - 
nitrosonomicotine; NNK, 4-(A , -mcthyl-At-nitrosoamino)-l-(3-pyridyl)-l- 
butanone; PBS. phosphate buffered saline; SD, standard deviation; 
SE, standard error; TPM, total particulate matter 

° Portions of the results of this work were presented at the 39th 
Annual Meeting of the Society of Toxicology in Philadelphia, PA, 
USA. 

* Corresponding author. Tel: +49-2203-303-365; fax: + 49-2203- 
303-362. 

E-mail address: roemer.ewaki@pmintl.cii (E. Roemer). 

1 1NBIFO is a Philip Morris research laboratory. 


include non- and semi-volatile materials such as sugars, 
licorice and humectants, as well as highly volatile aro¬ 
matic materials such as menthol, lemon oil and vanilla. 
The ingredients used generally have Food and Drug 
Administration (FDA, 1993) and/or Flavor and Extract 
Manufacturers Association (e.g. Newberne et ah, 1999) 
GRAS status; that is, they are "Generally Recognized 
as Safe” for food. However, there is a possibility that 
the addition of these ingredients, particularly the non¬ 
volatile ones, may give rise to combustion or pyro- 
synthesis products with unwanted biological activity. 

Around 4000 constituents have been identified in 
tobacco smoke (Dube and Green, 1982). It has been 
shown that the addition of ingredients, which are often 
complex chemical mixtures themselves, can either 
increase or decrease one or more of these smoke con¬ 
stituents (Rustcmeier et al., 2002) or may give rise to the 
formation of new constituents (Kapfer et ah, 1989). A 
complete smoke analysis and a subsequent toxicological 
risk assessment for each of these compounds is obviously 
impossible. Analytical difficulties such as the low levels 
and the smoke background levels add to the problem. 
Several compounds that are considered to be highly bio¬ 
logically active, such as some of the heterocyclic amines, 
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